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In addition to higher superconducting transition temperatures (T C ≈ 55 K) compared with the single layered cuprates [1] [2] [3] [4] , the newly discovered iron oxypnictide superconductors offer additional compositional variation. The family of FeAs based superconductors with the same ZrCuSiAs-type (1111-type) structure now include LnFeAsO, Ln=La, Sm, Ce, Nd, Pr, Gd, Tb or Dy [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In a similar fashion to the CuO 2 layers present in cuprates, the FeAs layers have been shown in theory to dominate the electronic states that produce superconductivity [13] [14] [15] .
Cuprate superconductors distinguish themselves structurally by adopting different stacking sequences of the CuO 2 and electronically inactive "spacer" layers. Using the same structural philosophy, layered materials with the formula (A,K)Fe 2 As 2 , A=Ba or Sr, which crystallize [16] [17] [18] [19] . Here, we report the neutron diffraction studies of BaFe 2 As 2 that show, in contrast to previous studies on the 1111-type materials [20] [21] [22] [23] , a phase transition to a long-ranged antiferromagnetic state at the same temperature where a structural transition from tetragonal to orthorhombic symmetry also occurs. The discontinuity in the intensity of the (220) T Bragg reflection implies a first-order transition as a result of the greater flexibility within the nonequivalent layers in the 122-type structure. This is in contrast to the separate second-order structural and magnetic transitions seen for the previously reported 1111-type materials [20] [21] [22] [23] . Although the magnetic and structural transitions occur differently in the BaFe 2 As 2 and the 1111-type materials, this work clearly demonstrates that the complete evolution to a low symmetry structure is a pre-requirement for the common iron magnetic order to occur. We synthesized 2 g of polycrystalline BaFe 2 As 2 sample using the solid state reaction as described in Ref. [19] . The resistivity was measured using the standard four-probe method while the sample was cooled. As shown in Fig. 1 together with the refined profile obtained with the GSAS program 26 . Consistent with previous studies 24 , the high temperature structure is well accounted for by the tetragonal ThCr 2 Si 2 -type structure, and the structural parameters from the refinement using space group I4/mmm are listed in Table 1 (a).
The neutron powder diffraction spectrum measured at 5 K is shown in Fig. 2 (b). Our neutron data confirm the orthorhombic structural distortion previously reported in the X-ray study 24 , which splits the (220) T Bragg peak of the I4/mmm tetragonal unit cell, shown in the inset to The magnetic and crystal parameters determined in a combined structural and magnetic refinement of the 5 K spectrum in Fig. 2 (b) are listed in Table 1 (b), and the magnetic structure of BaFe 2 As 2 is depicted in Fig. 3 . The magnetic structure of BaFe 2 As 2 is identical to that of LaFeAsO 20 . This demonstrates a commonality of the magnetic interactions within the Fe layers and variation in the stacking of the layers, and therefore the interactions along the c axis, do not contribute greatly to the overall magnetic property. and the a and b axes are not equivalent. For LaFeAsO, although the magnetic structure is depicted along one axis, that was a representational solution, and both the moment direction and the antiferromagnetic wavevector direction in the FeAs plane along the a or b axis were not determined due to weaker magnetic intensity 20 . For BaFe 2 As 2 , our powder neutron data unequivocally determine the ferromagnetic row of Fe magnetic moments as along the shorter b axis, and these rows of Fe moments aligning antiferromagnetically along the longer a axis in the FeAs plane (see Fig. 3 and Supplementary Material). This is consistent with the Pauli principle for overlapping d-orbitals of neighboring Fe ions, and confirms previous first-principle calculations 27 . The Fe moments direct along the longer a axis.
BaFe 2 As 2 differs most significantly from LaFeAsO in that the antiferromagnetic transition occurs at a temperature that is indistinguishable from the structural transition, in contrast to all previously measured FeAs based 1111-type materials where structural and magnetic transitions are separate ones [20] [21] [22] [23] . Fig. 4 shows the temperature dependence of the magnetic Bragg peak (101) M , measured at the higher flux triple-axis spectrometer BT7 at NCNR. The solid line represents the mean-field theoretical fit for the squared magnetic order parameter and the Néel temperature is determined at T N = 143(4) K, which is the same value determined for the structural transition.
It is clear from these measurements, that the important criteria for the onset of magnetic order is the complete disappearance of the high temperature phase. The additional flexibility afforded in the 122-type structure by the nearest neighbour layers being displaced by (a/2,b/2) from each other clearly allows the structural strain to be relieved over a shorter temperature range than allowed for the single layered 1111-type systems.
Soon after the discovery of the LaFeAs(O,F) superconductor 5 , it was recognized that there exist nesting Fermi surfaces connected by the wave vector (1/2,1/2,0) T in the calculated electronic band structures of the parent compound LaFeAsO [28] [29] [30] , and the resistivity anomaly of LaFeAsO at ∼150 K was predicted to be caused by the resulting spin-density-wave (SDW) order 31 Additionally, the observed magnetic moment of the Fe ion is an order of magnitude weaker than the theoretically predicated ∼2.3 µ B per Fe 29, 30 . Frustrating magnetic exchange interactions have to be invoked to explain the small observed moment in LaFeAsO 27, 32 . In another 1111-type material, NdFeAsO, for which magnetic structure has been determined, substantially larger moment 0.9µ B /Fe was observed below 1.96 K in a combined Nd and Fe antiferromagnetic order, and the resistivity anomaly and the structural transition occur at ∼140 K 22, 23 . While the predication of the resistivity anomaly caused by the SDW transition has not been realized for the intended 1111-type materials, it is interesting that it occurs in BaFe 2 As 2 in the structurally simpler 122-type materials. Inset: Neutron diffraction spectra measured above and below the structural transition, showing the splitting of the peak below T S . 
